SUMI MARY
Fixation of CO. with PEP (carboxvlase and carboxykinase systems each included) and R5P as substrates was greater in homogenates of plants grown at a slightly deficient Fe level than in those grown at an adequate Fe level. For severe Fe (leficiency the fixation catalyzed by PEP carboxylase was decreased. A chelating agent sometimes increased the amount of CO,, fixation with the PEP carboxykinase reaction. A chelating agent was necessary in the reaction mixture for maximunm activity of the reaction catalyzed by PEP carboxylase as wvell as for the carboxylation enzyme. Addition of Fe to assay mixtures inhibited CO,, fixation through PEP. Kinetic studies indicated this to be a competitive inhibition. Fe also inhibited CO, fixation when R5P and G6P were used as substrates and activity was increased with both substrates by use of chelating agents.
LITERATURE CITED (2, 5, 7) , and to cause a significant reduction in the nutrient content of the plant top (1) . Regulated loss of ions by roots has been envisoned as one means by which the plant is able to maintain electrical neutrality while differentially absorbing companion ions (7, 8) . Considerable use has already been made of root loss determinations in the development of "free" and "outer" space concepts, and the volumetric measurement of such space (3) . In these and related studies loss of phosphorus, sulfur, selenium, rubidium, and other elements by roots to the external medium was noted. The forces and mechanism involved in such transfers are not clearly understood, however, and invite continued investigation.
The tion. Adjustments in pH of the acid isotope solution were not made since greatest foliar uptake of phosphorus occurs at low pH values (13) . Treated leaves were held horizontal with a wire arm to prevent running off of isotope.
Two systems of counting were necessitated by the vast differences in activity between the solution and tissue samples. Plant tissues were counted in the crucible in which they were ashed, using a thin endwindow Geiger-Muller tube (1.4 mg/cm2). Where activity was beyond the capacity of the instrument, a 5.4 mg/cm2 filter was placed between the sample and end-window. Results obtained with the filter are so identified in the text. All solution samples were counted in a gas-flow counter equipped with an ultrathin end-window (150 [g/cm2) . Both Geiger Muller and gas-flow counters were connected to a conventional amplifier-scaler-high voltage system. It is important to emphasize here that it was not possible to calibrate the different instruments used against a common source so that results for the solution and tissue samples are not comparable.
Sixteen phosphorus treatments were studied ranging from 0 to 14 milliatoms phosphorus per liter solution. Treatments are designated in the text according to the milliatoms phosphorus in 1 liter of solution. The fact was mentioned earlier that treatments were not single salt solutions but contained a balanced compliment of essential mineral elements. Content of all elements except phosphorus was held constant EMMERT-P32 LOSS AFTER FOLIAR APPLICATION4 among treatments (N = 18 milliatoms/l; K = 6; Ca = 6; Mg = 1; S = 1). Microelements were added according to Hoagland (6) . Changes in H2POj-were accommodated by alterations in the NH4+ to NO3-ratio. The pH value for fresh solutions ranged between 6.5 and 6.8.
Tap water also served as a treatment. Chemical tests for calcium, potassium, and phosphorus in the tap water proved negative. Flame methods were used for the bases, while the colorimetric ammonium molybdate method was used for phosphorus. Electrical resistance of the tap water was 2.2 X 104 ohms, as compared with 7.9 X 104 for demineralized water. The pH of tap water was 6.5 which was similar to that of demineralized water.
A record of solution pH changes was maintained during the treatment periods early in the investigation, but was eventually abandoned because changes were not considered to be of sufficient magnitude to be nutritionally important. In addition, non-metabolic root loss of ions of the type studied here has been shown to be virtually insensitive to pH (3) .
The overall set of 14 treatments was divided into 4 groups, each of which was studied at a different time. Each treatment was replicated 8 times, and plants were arranged in randomized block order. Results were analyzed according to conventional analysis of variance methods.
RESULTS
LONG DURATION EXPERIM\ENT: Radioactivity of treatment solutions at the conclusion of the experiment is shown in figure 1 . Results indicate that root loss of P32 did occur to the graded series of solutions and that this loss increased with increasing stable phosphorus in the root environment. Loss in this series appeared as an exponential function of environmental phosphorus. Radiophosphorus was also lost to tap water at a level slightly greater than that to the 0.0 P treatment.
The phosphorus economy of a plant is known to have an influence on foliar uptake and distribution of this element in the plant (13) . A check was therefore made to determine whether nutrient treatments affected foliar uptake of P32 in the present experiment, and whether this was a factor to consider in interpreting the root loss data. Tops and roots of the test No statistically significant differences in activity occurred between the graded phosphorus series of treatments, either for root or for top samples. Loss data for these plants plotted according to tissue activity yielded essentially the same curve as that in figure 1.
Tissue activity for the water treated plants was considerably below that of the phosphorus group, however, and indicated a relatively lower foliar uptake of isotope by these plants. A replotting of loss data according to plant top activity elevated the water treated plants to a level of that of the 0.8 P plants, while a recalculation based on root activity elevated the water plants above all other treatments.
Although solution treatments did not substantially affect foliar uptake of P32 (except in the water treatment), it is reasonable to expect that they did influence the overall phosphorus economy of the plants and thus caused a shift in the ratio of stable to radioactive atoms (specific activity) in the tissue. The shift would be towardl a dilution of radioions (a loNering of specific activity) as phosphorus in the treatment solutions increased, and wouldl in effect tend to minimize the loss values for the high phosphorus treatments. Loss of a greater total number of phosphorus atoms would be required for each ordinate unit in figure 1 for the high phosphorus treatments than for the low phosphorus treatments. Treatment differences in root loss could therefore be expected to be somewhat greater than those given in figure 1. were absolute values available.
Dry weights of the plant tops were taken to (leternmine whether root loss results were condlitioned by growth differences among plants. In no case were weight differences among treatments statistically significant.
SHORT DURATION EXPERIMENT: Methods and restilts: In the interest of simplicity of presentation, solution activity was regarded up to now as a direct indicator of the extent to which roots lost P32. The existence of such a simple relationship may be questioned when critical examination is made of the test conditions of the experiment. Six to seven days elapsed from the time of isotope application to the time root loss determinations were made. During this time, solutions in which the test plants were grown were not changed. Opportunity was therefor ample for recapture by plants of a portion of the P32 atoms once lost to the solution. Ion recapture of this type would tend to be greatest for the low phosphorus and least for the high phosphorus treatments. A true picture of ion loss by roots is further complicated in the earlier experiments by possible influences of solution treatment on the specific activitv of the plant tissue.
A second study was Treatments were 0.0 P. 0.4 P. 1.0 P, 6 .0 P, and (Bottomii) Total loss to each treatment for the enitire test. of "free" space, the interface barrier to free diffusion of ions in the root is taken as a natural line of division, root "exterior" could be designated on the one hand as any area external to the physical structure of the root itself or again, as certain areas extending to the en(lo(lermis (8) . or even to within the stele of the root (4). The present results and also those by Overstreet et al (12) showed an effect of time on the magnitude of phosphorus loss. Such a time effect is difficult to interpret since it couldl occur as a product of various and unrelated phenomiiena. A diminishing root content of total phosplhorus (luring the test period, or at least that fraction X-hich is easily exchangeable, could result in a drop in root loss values with timle. A time effect couldl further be explained as a function of distaince the exchange comlponents necessarily traversedl into and( out of the root tissue to complete the loss process. A gradual recession into the root interior of the reaction responsible for the large scale release of p32 as equilibrium between stable an(l ra(lioions was approached in the exterior regions. could effectivelv reduce root loss of radioions with time.
The above interpretations should be consi(lered in light of 2 important limitations in experimental procedures worthy of emlplhasis. Firstly, recapture of p32 atoms by roots after they had once passedI out of that tissue, was not prevented entirely. evein in the short term experiment. Ion recapture was possible during the time intervals between solution (Irainings, although the frequency witlh wlhich solutions were changed undoubtedly reduced the incidence of recapture. Recapture of radiophosphorus was also possible between the time of isotope applicationi ancl actual utilization of the plant in root loss studies. A buildup of p32 on the root surface could have occurred in this manner and influenced subsequent loss figures, especially in the early time periods of the studv. Influences of ion recapture such as these could not in any respect be compensated for in the present experiment, and root loss figures must therefore be considered apparent and not absolute throughout.
Secondlv, while root loss of P32 was considered here exclusively as a root phenomenon. such loss may indeed involve forces residing in tissues outsicle of the root. A differential replenishing of root phosphorus by aerial tissues during the test period could well have occurred, for instance, to influence the root loss results. That aerial tissues do indeed influence loss results has already beeni dlemonstrated by Jacobson et al (8) .
SUMMIARY
Root loss of p32 to a graded series of phosphorus solutions and to water was studied over a long (7 day) and a short (50 minute) time interval. Intact bean plants were used in whiclh the isotope was introduced through the foliar tissue.
In the long term experiment, loss to the phosphorus solutions occurred as an exponential function of ambient phosphorus concentration. Foliar uptake of radiophosphorus was conditioned by the water treatment so that loss values for this treatment varied according to the mode of calculation used. Seed germination is strongly temperature dependent and is also frequently influenced by light. These variables are interrelated: the relation of germination to temperature is dependent on the light treatment and conversely the relation of germination to light treatment is dependent on the temperature. (2, 4, 8, 9) Using standard methods, a complete study of the interrelation of these 2 variables, on the rate or attainable percentage of germination of a single strain of seed, requires the correlation of a large number of separate measurements. It seemed likely that the crossed gradients principle might be useful for seed germination experiments.
GERMINATION OF LIGHT SENSITIVE
In this paper we shall describe an attempt to survey, in a single experiment, the effects of combinations of a wide range of temperature and light treatments. This was done with an apparatus developed originally to study algal growth in crossed gradients of temperature and light intensity (6, 7). In the previous work the algae were grown on an 11 X 12 inch agar surface in a shallow chamber with a temperature gradient from left to right and with a light intensity gradient from Received December 5, 1958. front to back. Thus a single experiment gave a 2-dimensional picture of the growth response to the 2 variables. Drs. E. H. Toole and S. B. Hendricks suggested that lettuce seed (Lactuca sativa L. var. Grand Rapids) would be suitable for testing the utility of the crossed gradients principle for seed germination investigations.
The effect of the interaction of temperature and light on germination in this variety of lettuce has been studied in great detail by several workers. This particular seed is very light sensitive, giving a greater germination percentage in light than in darkness. The photo-response varies with the temperature (3) and the type of radiation-red light promotes and farred radiation inhibits the germination of water-imbibed seeds (5) . The action of the red and far-red radiation is repeatedly reversible (1, 8) . Inhibition by far-red radiation is particularly temperature sensitive if seeds are first given a saturating dosage of red light and then exposed to a less than saturating far-red dosage (9) . We therefore decided to germinate seeds in a temperature gradient crossed with a far-red radiation
